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Ca teratogenicity 

On the basil of a review of the literature, it appears highly 
unlikely that single or occasional systemic exposure of young adult 

subject a to anti-ChE agents "would result in the development of 
Initially undetectable, long-term daaage to the eye. 



Abnormal! tie a 
to particular snti 
long-term adverse 
ere foreseen* 



Blood Changes 

of blood coagulation reported in persons exposed 
QiEs are considered reversible • Therefore s no 
f facts on hemocoagulation in the test subjects 



CONCLUSIONS 






■ 



■ 



to 

to 



The panel concludes that although no evidence has been 
developed (to date) that eny of the anticholinesterase zest 
compounds surveyed carries long-range adverse hmaaa health effects 
in the doses used, the results of an ongoing NAS/NRC morbidity study 
may shed further light on this issue* The panel therefore is unable 
to rule out the possibility that some anti-ChE agents produced 
long-term advene health effects in some individuals* Exposures 
low doses of OP compounds, have been reported {but not confirmed) 
produce subtle changes in EEG t sleep pattern, and behavior that 
persist for at least a year. Whether the subjects at Edgevood 
Incurred these changes and to vhat extent they might now show these 
effects are not known. If auch changes occurred and persisted, they 
would be difficult to detect now. They could be determined 
scientifically only by a new study in which EEC, sleep utate, and 
psychologic-test scores were compared with those from uonexpoeed 
control subjects. This might be considered, if reasons ale suspicion 
develops, based on responses obtained *iu the referenced morbidity 
study, that selected subjects experienced behavioral changes 

traceable in onset to experimental exposure to the anti-ChE agents. 
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Xr^pwuri 3 
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nan 4 4 
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Koelle, G*B* In: The Pharmacological Basis of Therapeutics , 
Goodman, L*S« and Gllman, A, ede*), 5th edition* Macmillao 

Publishing Co., Hew York, 1975* Pg. 408* 



1 Responses are designated 1 + 10^ + 10 provide an approximate 

indication of the Importance of adrenergic and cholinergic 
nerve activity in the control of the various organs and 
functions Hated* 

2 Dilatation predominate* In situ due to metabolic autoregulatory 

phenomena* 

3 Cholinergic vasodilatation at these sites is of questionable 

physiological eignificanee* 
* Over the usual concentration range of physiologically released, 

circulating epinephrine, B-receptor response (vasodilation) 
predominates in blood vessels of skeletal muacle and liver; 
e-receptor (vasoconstriction), in blood vessels of other 
abdominal viscera* The renal and mesenteric vessels also 
contain specific dopaminergic receptors, activation of which 
causes dilatation, but their physiological significance has 
not been established. 

Sympathetic cholinergic system causes vasodilatation in 
skeletal muscle, but this is mot involved in most 
physiological responses* 

It has been proposed that adrenergic fibers terminate at 

inhibitory B receptors on smooth muacle fibers, and at 
inhibitory a receptors on parasympathetic cholinergic 
(excitatory) ganglion cells of Auerbach's plexus* 
Depends on stage of menstrual cycle, amount of circulating 

estrogen and progesterone, and other factors* 
Palme of hands and some other sites ("adrenergic sweating*)* 
There ia significant variation among species In the type of 
receptor that mediatee certain metabolic responses* 
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TAILS 2 



I 



Effects of Cholinergic! la Normal and Psychotic Person** 



Dru 




Pbytostigmia* 
antichla 



Efface on Normal Fsrson 



Depression; Psychomotor retardation 



Effect on Psychotic Person 

Improvement , particularly 
of thought disorder; No 
; antagonism, of 

thylphe ni date activation 



Org anopho sphorus 
antlcnXa 



Choline 



Dysphoria; nighaeaxsa; earcasalve 

dreaming; hallucination* and 

delusions j schizoid ructions; 

auditory hallucinations! paranoid 
and religious delusion*; agwaslOD 

Dt press ion 



Sons improvement in 

ho bre phrenic s; exacerbation 

in most cases (paranoids) 



Improvement 



Areeollaa, 
a xo tremor! 



Increased interaction, 
lucid interval 



♦Derived from review papers by Singh and Lai (79) and by Karcmer and Richardson 
(SO) and papers of Cershon and Shaw (81), . Matcalf and Holmes (82) , Duffy and 
Burchfiel (83) , and Karcsmar and Ohta (84). 






i i 













. 



■ 









- 



36 




Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 




TABLE 3 

of Tftftti Conducted and Raeordi Selected for 
Antlchollnaitaraie Chemicals 



Toz No. Compound 



A-l*> 
A-2 b 

A-3 b 
A-4 b 
A-5 b 
A-6 b 

A-/" 
A-9* 

A-IO* 5 
A-ll d 

A-12« 
A-13 d 
A-14 b 
A-20* 
A-21* 



No. No. 

ts Tested Records Selected 



Sarin, CB, 1208 


246 


25 


VI, 1701 


740 


75 


CA, tabun 


26 


13 


BF. 1212 


21 


10 


CD, 1210, loaan 


83 


10 


DFF, diieopropylfluorophoaphat* 


11 


5 


EA 3148 




it 


THA 


15 


5 


Eftrine, phyioatigain* 


138 


23 


Proitlgmlne, aeoatlgaine 


22 


5 


a*xafluor«nlum (Itylaxan) 


11 


11 


pyridostigmine 


27 


8 


Malathlon 


10 


5 


Ket ha choline 


9 


3 


Urecholine 


15 


5 



Total 1,406 219 



wr^mw ^ -»-^ w ^-^^ w . 



*Two sets of records, out based 00 high dose, another bated on random 

selection; each set contains 219 record*, 
borganophoapbatc •■tar. 
c Acridine. 
^Carbamate. 

•Quaternary ammonium Inhibitor* 
^Cholinergic agonist* 
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ANTICHOLINERGICS 



ATROPINE, SCOPOLAMINE, AND BELATED THERAPEUTIC 

ANTICHOLINERGIC CHEMICALS* 



SITES OF ACTION 



Anticholinergic drug* Inhibit the actions of acetylcholine 
(ACh) on autonomic effectors that are innervated by postganglionic 
cholinergic nerval and on smooth muscles that lack cholinergic 
Innervation; that la, they antagonise the muscarinic actions of 
ACh* They an therefore known as antimuscarialc agentH or 

muscarinic cholluttllc UvCkl&l HIUU* $t£*uit the m*U *ctUM &! 
all memberi of thia class of drugs are qualitatively similar to 
those of the best-known member, atropine, the terns "atropinlc" and 
"a tr opine-like* are also appropriately used* 

In general, antimuscariuic agents have little effect on the 
actions of ACh at nicotinic receptor site** Thus, at autonomic 
ganglia, where transmission normally involves an action of ACh on 
nicotinic receptors, atropine produces partial block only at 

relatively high doses* At neuromuscular junctions, where the 

receptors are nicotinic, extremely high doses of atropine or related 
drugs are required to cause any degree of blockade. However, 
quaternary ammonium analogues of atropine and related drugs 
generally have some degree of nicotinic blocking activity and 
consequently are more likely to Interfere with ganglionic or 
neuromuscular transmission la doses only slightly greater than those 
that produce muscarinic block* 

In the central nervous system (CNS), cholinergic transmission 

appears to be predominantly nicotinic In the spinal cord and both 

muscarinic and nicotinic at subcortical and cortical levels In the 
brain (2)* Accordingly! many or most of the CNS effects of 

atropine-lik* drugs at ordinary doses are probably attributable to 
their central anticholinergic actions* At high or toxic doses p the 
central effects of atropine and related drugs consist, in general, 
of stimulation followed by depression; these are probably due to a 
combination of antimuecerinic and other action*. There Is an 
increased release end turnover of ACh in the CHS associated with 
administration of antimuscarinic drugs; this may result in the 
activation of nicotinic receptors in the brain and contribute to 
central effects of this class of drugs (3)* Because quaternary 
compounds penetrate the blood-brain barrier only poorly T 
antimuscarinic drugs of this type show little in the way of central 
effects* 



the 



the 



■UMt of ftb# itfemitl&t iff rU# Sf£££6ti li £f6m Giapte- / 
Goodman and Gilman (1)* 
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PERIPHERAL EFFECTS 



Parasympathetic neuroeffector junctions in different: organs are 
not equally sensitive to •ntimuecarlaic igents. However, the 
relative sensitivity of varloua para sympathetic ally Innervated 
organs Co blockade by atroplnlc agents varies little among the 
drugs- Small doses inhibit salivary and bronchial secretion and 
sweating. Larger doses cause the pupils to dilate t inhibit 
accomodation of the eyes, and block vagal effects on the heart, so 
that the heart rata Is increased. Still larger doses inhibit the 
parasympathetic control of the urinary bladder a ad gastrointestinal 
tract, thus inhibiting micturition and decreasing intestinal tone 
and motility- Even larger doses are required to inhibit gastric 

secretion and motility- Because only the primary phase of gastric 
secretion it controlled by the vagus, the remaining hormonaliy 
controlled secretion is unaffected. Thus, doses of any 
aatimuscariaie drug that reduce the tone and motility of the stomach 
and the duodenum and inhibit gastric secret ion also invariably 
affect salivary secretion, ocular accommodation, and micturition* 
The drugs produce revere ibly the functional equivalent of resection 
or paralysis of postganglionic cholinergic nerves. 

The actions and effects of particular antimuscarinic agents 
usually differ only quantitatively from those of atropine, a 
belladonna alkaloid, which is considered In detail as the prototype 
of the group. 



CENTRAL EFFECTS 



Atropine stimulates the medulla and higher cerebral centers. 
In doses used clinically (0.5*1.0 mg), this effect is usually 
confined to mild vagal excitation. The rate and occasionally the 

depth of breathing are increased , but this effect is probably the 
reault of bronchiolar dilatation and the consequent increase in 
physiologic "dead apace." With toxic doses of atropine, central 
excitation becomes more prominent, leading to restlessness, 
irritability t disorientation, hallucinations, or delirium* With 
still larger doses, stimulation is followed by depression, coma, and 
medullary paralysis. The latter may be primarily responsible for a 
fatal outcome* Even moderate dosea of atropine may depress some 
central motor mechanisms that control muscle tone and movement. 

This effect has been used to advantage in the management of the 
tremor and rigidity of Parkinsonism. 

Scopolamine in therapeutic doses normally causes drowsiness, 
euphoria, amnesia, fatigue, and dreamless sleep with a reduction in 
repid-eye-aovemeat (REM) sleep* However, the same doses of 
scopolamine occasionally cause excitement, restlessness, 
hallucinations, or delirium, especially in the presence of severe 
pain* 

Doses of atropine required to inhibit peripheral responses to 
choline esters or anticholinesterase (anti-ChE) agents produce 
almost no detectable central effects. This may reflect difficulty 
of penetration of the drug into the CMS* In animals, atropine 
antagonises Che action of ACh applied locally to the cerebral cortex 
and spinal cord* However, atropine also depresses the effects of 
noncholinerglc stimuli, indicating that the drug has central actions 

other than blocking cholinergic synapses* 
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The rise in body temperature due to the belladonna alkaloids ia 
usually significant only after large dome** Nevertheless, in 
infanta and amall children » moderate doses induce "atropine fever." 
In atropine poisoning in lnfantfi! the temperature may reach 43°C 

or higher* Suppression of sweating la doubtless an Important factor 
in the production of the fever , especially when the envlro omental 
temperature Is high, but other mechanisms also nay be important when 
large doses axe taken* It has been suggested that atropine may 
exert a central effect on temperature regulation; however, animal s 
that do not sweat * such as dogs, do not exhibit fever after atropine. 



POISONING BY BELLADONNA ALKALOIDS 



■M 



The deliberate or accidental ingestion of belladonna alkaloids 
or other drugs with atroplnic properties is a major cause of 
poisonings. Infanta and young children are especially susceptible 
to che toxic effects of atroplnic drugs (4)* Delirium and toxic 
psychoses, without undue peripheral manifestations, have been 
reported in adults after Instillation of atropine eyedrops. 

Fatalities from intoxication with atropine and scopolamine are 
rare, but they sometimes occur in children, in whom 10 ag or lees 
may be lethal* Idiosyncratic reactions are more common with 

scopolamine than with atropine, and ordinary therapeutic donee 
sometimes cause alarming effects* Table 1 lists undesirable 
responses or symptoms of overdose associated with various doses of 
atropine. 

SYMPTOMS AND SIGNS OF ATROPINE POISONING 






Symptoms and signs of atropine poisoning develop promptly after 
ingestion. The mouth becomes dry and the person experiences a 
burning sensation; swallowing and talking are difficult or 

impossible {and there is marked thirst* The vision is blurred, and 
photophobia ia prominent* The skin is hot, dry, and flushed- A 
rash may appear (mora likely in children), especially over the face, 
neck, and upper part of the trunk; desquamation may follow. Body 
temperature rlsss, especially In infanta. The pulse is weak and 
very rapid although tachycardia may be less pronounced in infants 
and old people. Palpitation ia prominent , and blood pressure may be 
increased* Urinary urgency mud difficulty in micturition are 
sometimes noted. Abdominal distention mmy develop p especially in 
infants* 

The patient is restless, excited, and confused and exhibits 
weakness, giddiness, and muscular incoordination* Gait and speech 
are disturbed* Nausea and vomiting sometimes occur. The behavior 
and mental Signs may suggest sin acute organic psychosis. Memory is 
disturbed, orientation ia faulty, hallucinations (especially visual) 

are common, the sensorlum is clouded, and mania and delirium are not 
unusual (5) - The diagnosis of an acute schisophrenic episode or 

alcoholic delirium has been mistakenly made, and some patients have 
been committed to psychiatric institutions for observation and 
diagnosis* The syndrome often lasts 48 b or longer and may be 
punctuated by convulsions* Depression and circulator}' collapse 
occur only In cases of severe intoxication; blood pressure 
decreases, respiration becomes Inadequate, and death due to 
respiratory failure follows after a period of paralysis and coma (6). 
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TREATMENT 

Whan intoxicating dote* of atropine have been taken orally, 
gastric lavage and other measures to limit intestinal absorption 
should be initiated without delay* Fhysostigmine, long overlooked 
aa a possible antidote to atropine poisoning, la the rational 
therapy* For example, the slow intravenous injection of 1-4 mg of 

physostigmlne {0*5-1*0 tig in children) rapidly abolishes the 
delirium and coma caused by large doses of atropine. Because 
phyaoitigmlne is metabolized* rapidly f the patient may again lapse 
into coos within 1*2 h $ and repeated doses may he needed (4,5,7). 

MECHANISM OF ACTION 

The major action of the antinausea ri ale agents la a competitive 
antagonism of the actions of ACh and other muscarinic agonists* The 
antagonism can be overcome by increasing sufficiently the 
concentration of ACh at receptor sites of the effector organ. The 
receptors affected are those of peripheral structures that are 
either stimulated or inhibited by muscarine — that is, exocrine 
glands and smooth and cardiac muscle* Much evidence supports the 
notion that atropine and related compounds compete with muscarinic 
agonists for Identical binding sites on muscarinic receptors (2,3 t 9)» 

ABSORPTION, FATE, AND EXCRETION 

The belladonna alkaloids are absorbed rapidly from the 
gastrointestinal tract* They also enter the circulation when 

applied locally to mucosal surfaces. Only limited absorption occurs 

from the intact akin* Atropine disappears rapidly from the blood 

and la distributed throughout the entire body* Most Is excreted in 

the urine within the first 12 h> In part unchanged. Only about 11 

of an oral doae of scopolamine is eliminated as such in the urine* 

Traces of atropine era found in various secretions, including milk* 

The total absorption of quaternary ammonium derivatives of the 

alkaloids after an oral doae ia only about 10*25 percent (10,11); 

nevertheless, some of these compounds can cause mydriasis and 

cycloplegia if applied to the eye* 

PHARMACOLOGICAL PROPERTIES OF SYNTHETIC ATROPINE DERIVATIVES 

After reports in the late 1950s of the psychotomimetic effects 
of a number of basic esters of substituted glycollc acids related to 
scopolamine and atropine, several hundred compounds were synthesized 
at Edge wood and by ita contract or a and by academic and industrial 
reeear chars* these compounds were intended to be more active 

centrally than peripherally* Because quaternary salts of these 
anticholinergic compounds usually penetrate the CNS only with great 
difficulty v such derivatives ware of little Interest in the testing 
program* 

The compounds prepared and tested in ttu* Edge wood program are 

listed in Table 2, and their structures are shown in the master file 
(Appendix B)« The basic structures of these compounds, which are 
substituted gly cola tea, are ae follows: 
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*1 • V ~ C " ° ~ *3 (b«iic structure of glycol»t*i) , 



where X - -OH, -CH2OH. -OCH3, -a, -Sr, -I, -0 2 CCH 3 , 



■ ■ 

> 



El end R2 - hydrogen* - phenyl t substituted phenyl, elkyl, 
cycloalkyl, ethylenic, olefin!^ ttaienyl, sod 

E3 m acyclic salnoallQrl, cyclic aminoallqyl, bicyc lie amino 
alley! (e*g* p tropin* or ecopine f or atropine and scopolamine, 
respectively). 



"V 

- 



Table 3 lists- the relative potencies (comparing central with 
peripheral effects) of many -of these derive t Ives- Note that BZ and 
cA 144j exhibit extensive central effects for a long period; the 
studies at Edgewood emphasized these chemicals, as does this report* 

In a comparison of a series of structurally related 
anticholinergic compounds , there was less discrepancy in potency 
with respect to peripheral than central actions. Because data on 
their effects on man are limited, most of the information vaa 
derived f ran animal behavior*! studies, Which in general predict 
psychotomimetic actions in man* 

BZ and other quinuclidinyl glycolates containing at least one 
phenyl and a cycloalkyl group In the acid moiety were the most 
potent and the longest-acting both in animals and in m.*n. The 
corresponding plperldyl, glycolates were one-fifth to one-half as 
active as the quinuclidinyl esters. Atropine is equlpoteut 
(although of shorter duration) to BZ introducing peripheral 
anticholinergic effects, but its central actions are much less 
pronounced • 



- 



ROLE OF DRUG DISPOSITION Iff EXPLAINING DIFFERENCES 

AMQKG ABTICa6LikBRGiC OOMPOUNDS 



ATROPIKE 



r 1 * 

- - ' . *■ 



■ 

Numerous reports dealing with the disposition of labeled 
atropine in animals and are reviewed by Hills in Appendix I. 
Investigators have been only parti al ly successful in their efforts 
to compare the pharmacologic actions and relative potencies of the 
various anticholinergic compounds in the CMS with their distribution 
In brain or their binding to brain components* For instance f BZ has 
been reported to adsorb to isolated brain Mitochondria ibout 3 times 
as avidly as atropine (12). The affinity of BZ for peripheral 
muscarinic receptors was also greater than that of atropine (8), and 
atropine competed with BZ for specific binding sites in the brain. 
Because BZ is known to be more potent than atropine and its duration 
of action la appreciably longer (13), these drug effects could be 

due to differences in the affinities of the two drugs for specific 

receptor sites* 

BZ 

Snyder's group (14,15) ussd autoradiography to determine 
precisely the location of binding of ]%JBZ In rat brain* In the 
cerebral cortex, the greatest' binding of the bencllate was in the 

! 
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occipital cortex and the cortex of the clngulate gyrus, with 
decreasing blading in the cortex la the piriform area and the 
frontal pole* In the hippocampus, three strata of the archl pallium 
were found to have approximately equal abilities to bind BZ, whereas 
the white natter of the alveus bound lea a* The high blading of BZ 
to the striate body was particularly striking in autoradiographs 
because of the comparatively lov binding activity of the adjoining 
globus pallidus* Thalamic and hypothalamic nuclei exhibited leas 
binding of BZ, as did the Inferior and superior colliculi* Still 
lower in the binding of this ligand were cerebellar cortex, medulla 
oblongata-pons, and the cerebral peduncles* Nerve tracts — e«g* f the 
optic chiasms, the cervical spinal cord, and the corona 
radiate—axbibited the lowest degree of binding. 

The areas of the brain that retained the greatest 
concentrations of the label after Intravenous injection of [^KIBZ 
Into cats (16) wars motor cortex, sensory cortex, caudate nucleus R 
lateral geniculate, and medial geniculate. Smaller concentrations 
were retained in thalamus, hippocampus, hypothalamus, medulla 
oblongata, colliculi, cerebellar cortex, the pyramids of the 
medulla, cerebral white natter, and cerel»ellar white matter. 

loth cholinomimetic and anticholinergic compounds reduced the 
retention of the label after [3fl]B2 treatment in some areas of the 
brain* The cholinomimetic compounds used were 

l,2,3,4-t«trahydro-5-aminoacrldine (THA) and S^diethylaminoethyl- 
dlethylphosphorothionats, both inhibitor* of cholines t erases* For 
the anticholinergic compounds, displacement of the label probably 

was related to the substitution of one drug by another. 

Zvirblis and Kondritxer (12) found that a mitochondrial 

fraction prepared from rat brain adsorbed 3-4 times as much EZ as 

atropine in the physiologic range of pH. The optimal pH for 

adsorption of BZ was about B«0, whereas that for atropine was about 

9*7; however, at their own optimal pH values, the adsorptions of the 

two anticholinergic compounds were about the same* THA, Ca 2+ . and 
POa 2- " decreased tha adsorption of the benzilate by mitochondria. 

Yamamura et al» (17) studied the adsorption of [ 3 H]BZ on the 
particulate fraction of homogeuates of various regions of the brain 
Of monkey after incubation with [^HJBZ in phosphate buffer at a pH 
of 7.4. Tha regions that ware the most avid adsorbers of the 
benzilate, in order of decreasing uptake, were putamen, caudate 
nucleus, occipital cortex, cingulate gyrus, postcentral gyrus, 
pyriform cortex, frontal cortex, superior colliculi, thalamus, and 
inferior colliculi. This distribution of adsorptlve sites among 
various parts of the monkey brain incubatad in vitro differs from 
that for intravenously injected [^HJBZ in the cat (16). The two 
studies do agree that tha caudate nucleus is one of the highest 
areas of localisation of [3h]&Z* yamamura et al * (17) found that 
uptake of tha label by various areas of brain was correlated with 
choline uptake and with choline acetyltransf erase activity. 

Interruption of the septal hippocampul tract and elimination 

thereby of cholinergic afferent a to the hippocampus reduced by about 
701 the activity of choline acetyltransf erase in homogenatee of the 
hippocampus! but did not alter the binding of [^H]BZ by particles 
of such homogenates (8). Tha investigators proposed that 
presynaptic muscarinic sites that are Innervated by the septal 
hlppocampal nerve fibers do not bind the labeled benzilate, whereas 
postsynaptic muscarinic sites do bind it* 
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Ketchua (18) provided information that suggest i that the brain 
ie the only Route organ that contains ^U 48 h after 
Intraperitoneal injection of f 3 HJBZ. Perfusion of [ 3 HJBZ 
through rat liver had indicated that this organ destroyed the 
compound quickly; 90S of the compound pre sect originally in the 
perfusing fluid disappeared from the perfusate within 30 adn, and 
less than G#2Z of the unaltered compound was found in the bile. The 

identity of the products was not determined. 

The effects of BZ and Ditran, compared with atropine and 
scopolamine, have been examined to elucidate the mechanisms by which 
these compounds produce their effects. 411 these compounds have an 
extremely high affinity for muscarinic receptor sites, so the higher 
potency and longer duration of motion of BZ must be related to other 

properties. 

The long-lasting effects (up to 7 d) of a single injection of 

BZ in cats (19) raised the issue of possible Irreversible 

Interaction of BZ with brain sites, with another anticholinergic 

drug, [3H]pyrrolldylmethylpheoylcyclopentylglycolate (20), a small 

amount of radioactivity was still measurable 3 d after a single 

injection* Considering the high affinity of BZ for muscarinic 

receptors (K^ ■ 10" 11 M), It would not be surprising to find BZ 
still attached to brain receptors 5-7 d later > especially because 

pharmacologic effects of BZ are evident in man after 7-8 d. The 
prolonged action of BZ, compared with its somewhat shorter duration 
of binding to CNS structures, is not yet readily explainable. 



ANIMAL TOXICOLOGY OF ANTICHOLINERGIC COMPOUNDS 



IMMEDIATE 



BZ 

BZ has been chosen aa the paradigm of the various 
anticholinergic teat compounds used at Edgewood* It was used in s 
large number of volunteers and is probably one of the beat 
documented. Because it Is also one of the longest-acting of ail the 
drugs, It is also mors likely to cause persistent adverse effects. 
It was one of the first glycolates used in relatively high doses in 
man, so more years have elapsed In which long-range consequences 
might have occurred. 

The pharmacology and toxicology of BZ have been 
extensively in animals. Much of the Information was 
a contract with Hails ton Laboratories, Palls Church, 
the preclinical pharmacology and toxicology in rats, 
monkeys is presented here; a list of other toxicity siudies ie given 

in Appendix P. Additional background information is contained in 
Appendixes G, H t I, J, K and L. 



studied 
derived through 

A summary of 
dogs and 



Rats , Repeated intravenous administration of BZ to male albino 

rats was carried out for 20 daily injections during a 4-vk period. 
The doses included 0*01 t 0vl a and 1.0 mg/kg. 

The most significant pharmacologic sign noted was mydriasis. 
The daily pattern of mydriasis noted after each injection suggested 
metabolic inactlvation of BZ by rats within 24 h. No tolerance to 
the mydriatic response was, however R apparent during the course of 
the study. At the high dose there appeared to be a progressive 
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diminution In the inutility of pharmacotoxic signs (other than 

mydriasis); that suggested development of tolerance or decreased 
responsiveness to BZ. 

Other measured indicators of pharmacologic effect included body 
Height, food consumption, hematology, gross and microscopic 
pathologic signs and organ weights* No significant effect 
attributable to the repeated administration of BZ was found. 

There were no indication* of liver disease or malfunction 
directly attributable to BZ in ehMUlc- toxicity studies. In some 
ratip there vara a fan small foci of periportal lymphocytic 

infiltration; but these occurred as often in valine*- treated animals. 

Dogs . Repeated intravenous administration of BZ co male and 
female mongrel dogs vas carried out for 20 d over a 4-wk period. 
Tha dosages vara 0.01, 0.1, and 1.0 mg/kg-d* The indicators of 
affect vera gross pharmacotoxic signs, daily body weight, 
hematology, biochemistry, urinalysis, organ weights, organ-to-body 
weight ratios, and gross and microscopic pathology. 

A minimal number of effects was produced by law dosages between 
the eleventh and thirteenth injection days. Bach the intermediate 
and high dosages produced mydriasis, ptosis, decreased activity, 
ataxia, and weakness of limbs* Other signs were less frequently 

observed. Alt Increase in sedimentation r*ce occurred at 4 vk in one 

low and one high-dosage animal. Liver weight was high in one male 

from each test group. Testicular atrophy was observed in one male 

each from the intermediate* and high-dosage groups* A dose of 10 

ag/kg induced bradycardia in all of five dogs and resulted in death 

due to cardiac arrest In two of the animals (21). Dogs given daily 

intravenous doses of 100 >ig/kg for 14 consecutive days had the same 

LD5Q as dogs that had not been so exposed, but the interval 
between Injection of tha daily doaa and th* appearance of ataxia 

Increased from 4 min to 14 mln during the period of precreat&ient* 
In dogs trained in a conditioned-escape routine and then given 
graded intravenous doaes of BZ, doses up to and including 12*5 jjg/kg 
had no effect on performance. However, a dose of 25 jjg/kg resulted 
in failure to escape by four of four dogs rested (22), None of the 
experiments summarized In this report demonstrated any persistent 
effect of exposure to BZ In surviving dogs. 

Monkeys . Repeated Intravenous administration of BZ at 0*01 p 
0.1, and 1.0 mg/kg-d to male and female monkeys was carried out for 
20 d over a 4-wk period. The indicators of effect were gross 
pharmacotozic signs, dally body weight, hematology, biochemistry, 
organ weights, organ-to-body weight ratios, and gross and 
microscopic pathology. 

The most frequently observed signs were mydriasis at all 
dosages and decreased activity and ataxia at the two highest 
dosages. Blood sugar of one monkey given an intermediate dosage and 
serum transaminase of one monkey given a high dosage were increased 

at 4 and 2 vk, respectively* The testicular weight and 
organ-to-body weight ratio were high for on* intermediate-dosage 
animal* All other findings were within control limits. 

Cycloplegia persisted in monkeys for more than 7 d after 
exposure to BZ, whereas most other effects had disappeared after 2 d 
(18). 
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EA 3443 



■_ ■ 



HazletQQ Laboratories conducted preclinical toxicity studies 
with EA 3580, EA 3392. and EA 3443. The following Information was 

abstracted for EA 3443. 

A total of 20 daily intravenoue injection* of EA 3443 in male 
and female monkeys at 0.01, 0*1 , and. l f 4 -Bg/kg produced no 
hematologic or blocheofcicel. abnormalities- Organs examined 
microscopically presented no significant alterations (23). 

A total of 20 dally intravenous injections of EA 3443 in 
mongrel dogs (two doga per dose) at 0.01, 0.1, and 1-0 mg/kg 
produced no hematologic, urinary, or biochemical changes. 
Histopathologic findings vara essentially normal (24). 

EA 3834 






Prompted by a report Of hematuria in a subject receiving EA 
3834, research vaa begun on the effects of these drugs on ureteral 
and bladder motility (25) • Microscopic hematuria was shown to occur 
within several minute e after intravenous administration of EA 3834 
and usually cleared within 1 h» The dogs had ureteral or bladder 
catheters in place and often had a few red blood cells in the urine 
before admiaiatration of the agent. However, the red cells became 
much more numerous after administration. Mo additions! information 
is available* 

The hematuria was moat likely the result of a reduction in 
renal blood flow. It ia not clear that the hematuria was produced 
by EA 3834, 

LONG-TEitti AND DELAYED EFFECTS 



Atropine 









■ 



Atropine sulfate was administered intramuscularly to rabbits 

dally for 100 d. At a dose estimated to be 51 of the 1*850, ■i£ n * 
of toxicity were seen. Pathologic signs Included weight loss, ed 
of most organs, hepatitis, pulmonary thrombosis, inhibition of 
Bpermatogeneais, thymic atrophy, and toxic changes In the gall 
bladder, epleen, and pancreas. The rabbits 1 survival of daily 
administration of atropine beyond tha'LDjQ waa related to their 
ability to maintain food Intake (26) t 






Clidinlum ( Quart xan) 



1,5 
for 

liver 



and 



Clidinlum waa administered intregaetrically to dogs at 

25 mg/kg, 5 d/wk for 52 wk (27), The animals were observed 

survival, behavior, and general physical condition* Blood, 
and kidney function were evaluated. Organs were examined 
microscopically at the conclusion of tests* Toxic signs of 
anticholinergic exposure were not seen* Hematologic characteristics 
were not significantly altered by these prolonged exposures. 
Clinical-chemistry measures -and results of gross and microscopic 
evaluation* of internal organs - were within normal ranges. 

Administration of clidinlum for 1 yr at 5.0, 25, and 50 mg/kg 
in the diet of rata did not result in drug-related toxicity * Blood 
counts, clinical-chemistry measures, and results of gross and 
microscopic studies remained within normal limits (28). 
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Ho atudy of the long-term administration of SZ to anlmaia has 
been uuno¥ered. The only long-tens toxicity study with an eater of 
henry lie acid was with the ester with die thy laminae thanol; no 
significant psthemas were found in rate during this lifetime feeding 
study, but the lifetimes of the rats fed the benailate may have been 
shortened somewhat* Feeding of the quaternized ester of 
3-quiuuclidinol to rata for a year (27) and gavaging of dogs with 
this compound 5 d/wk for a year (29) produced no significant 
pa themes. 

With respect to geno toxicity, BZ has been found to have weak 
mutagenic activity in yeast cells in culture (30) and to produce 
gaps and breaks in chromosomes of bone marrow cells; it has not been 
proved to produce a heritable change in mammalian species* 
Dlethylaminoefchy Ibenzilate uaa mo^i t-avj* ^yt^o^n^tl^B-ll^ this BZ 
despite its lower anticholinergic activity. Unfortunately, there is 
too little Information on these compounds to assume or exclude 
geno toxic effects* Although various test systems have been used 
(point mutations, chromosomal observations t and dominant-lethal 
effects) > most observed effects probably resulted from general drug 
toxicity, rather than geuotoxlcity- The drugs have been tested at 
only a few concentrations » and interpretation of existing data does 
not permit estimation of the genotoxlclty of BZ or even of atropine 
or scopolamine* 



HUMAN TOXICOLOGY OF ANTICHOLINERGIC COMPOUNDS 






DOSING CONSIDERATIONS 
Atropine 

Textbook! generally suggest that death from atropine poisoning 
■ay be expected after ingestion of doses above 100 mg* However, a 
review of the literature for the last 100 yr yielded a probit 
estimate of about 450 Kg/person, based on several hundred caseu of 
accidental poisoning, including some 40 fatalities. Because the 
oral route Is somewhat less effective than the Intravenous or 
Intramuscular (and probably the Inhalation) route, a conservative 
figure of 75 mg /person (approximately 900 jutf/kg) Lb a working 
estimate for the human LDjg. 

Other Anticholinergic Compounds 



Acute tonicity data on the 21 glycols tea studied in man In a 
cool climate show a fairly consistent ratio between the lethal dose 
in animals and the heart-rate-increasing dose in ian. Extrapolation 
of the animal data therefore allows an estimate of the risk 
associated with human exposure* Deaths have occurred in seemingly 
healthy people when atropine has been given at doses only 50 times 
greater than the heart-rate-iocreasing dose. Thus, the estimated 
LD50 In man for BZ* la about 200 jig/kg, whereas that for EA 3834 ie 
about 60 jig /kg. This represents safety margins of about 35 for BZ 
and 100 for EA 3834 t where safety margin is the ratio between LD50 
and U>5Q. 
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In a warm climate , these number* need correction, because the 
heat loss from sweating is* diminished. * It If ■peculated that fatal 
hyperthermia or heatstroke could occur at dose ■ very close to the 
ID50 for BZ and not more than 2 or 3 timet the ID50 for Ea 3834. 

In the Edgewood tests , no volunteer received BZ at more than 
10Z of the LD5Q* Probably no more than 30 or 40 subjects received 
more than 31 of the LD50- 

Fev subjects received more than one dose of a glycols te. In 
the case of BZ, seven subjects were given the ID50 on two 
occasions, 2-3 wk apart* Two subjects received B.O iig/kg twice 
each, in a crossover double—blind study of the efficacy of 
physoetigmine at an antidote « Eigjifc iui^acAi w«e £U*A 1 V4-^% 

maLVy $ttfr 1 i fwitii nrs appreciate alt met s\ s amd four received 2 

Ug/kg on three consecutive days (with cumulative effects approaching 
incapacitation on the third day.) Thus, fewer than 101 of all 
subjects received more than a single dose* The figures for other 
glycolstes are lower. The total exposure of any person to glycolate 
never exceeded 3 times the ID5Q dose in the entire aerie* of tests* 



USE 07 ANTIDOTES 






Anticholinergic agents are typically used as treatment for 
anticholinesterase poisoning and vice verse. Physoatigmlne, 
tecrahydroaminoacrldine, and other cholines t erase Inhibitors we 
used successfully as antidotes Id several dozen subjects. The 
demonstration of physostfgmine's effectiveness led to the first 
controlled study of its ability to reverse delirium due to 
scopolamine (31). Phyeostlgmine has been used to overcome 
anticholinergic toxicity. 



IMHBDIAT£ EFFECTS 



Acute clinical findings vers recorded by involved physicians 
and nurses when Edgewood volunteers underwent tests with 21 

anticholinergic chemicals shown in Table 2-2. About 1,750 subjects 
were tested with agents In this pharmacologic class , 10Z of which 
were summarized for review. Selection for inclusion in this summary 
was based on high dosa, high frequency of admini strati on, or 
additional physiologic stress ; it was the intent to focus on the 
extreme cases. The summaries Identify the compound administered » 
dose, route of exposure, and significant acute reactions or clinical 
findings. 

Peripheral and Behavioral Effects 

In the brain, the arousal system that maintains alertness 
during waking hours la depressed by the action of BZ; this leads to 

drowsiness, which may progress to stupor or even coma at higher 
doses. Simultaneously, the coordinating motor systems of the 
cerebellum seem to be affected, and that causes an unsteady gait and 
pronounced clumsiness. There is a subjective sensation of dizziness 
which may arise In part from disturbances of the vestibular systems 
in the brainstem* Ths modulation of muscle tone is affected, 
possibly owing to an action on the Renshaw iuteraeurons in the 
spinal cord, and the results arm an abnormal increase in tendon 
reflexes and a tendency toward stiffness and jerklness in muscle 
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and 



movement* As the drug penetrates higher in the brainstem, 
hypothalamic ay items show signs of disruption. There is a decrease 
la drinking and eating. Sleep may he Inhibited. A tendency coward 
increased body temperature appeara in a warm environment- Finally 
the highest integrative systems of the brain are affected* Memory, 
attention, problem-solving, and Judgment are -all seriously 
Impaired* The ability to distinguish reality from imagination ia 
lost, and thoughts and word a flow in an uncontrolled manner. For a 
moment, the subject may seem to be in contact with his surroundings, 
but within seconds he drifts rapidly into incoherent speech and 
disconnected action. He is, at this stage, truly Incapacitated 
cannot function sufficiently even to preserve his life- If not 
brought under control, the delirious subject can Inadvertently 
become a casualty and may fall prey to a fatal accident* 

During the early stage of intoxication, activity is reduced , 
movement a are slow and Ineffective, and the sutHeet ia etmpnlh 

unable to offer effective resistance and tends to be relatively 
tractable. Once this period (a few hours) has 
becomes increasingly unpredictable! energetic, 
In the features thus far described, BZ la 
indistinguishable qualitatively from atropine, 
EA 3443, EA 3580, EA 302,196, or any other compounds of the 
this family studied in volunteers* 



passed, his behavior 
and dangerous* 

a typical glycolate, 
scopolamine, EA 3834, 

21 in 



EEC Effects 



There ia a close relationship between the changes in EEG 
patterns and the behavioral effects o£ drug administration . With 
high doses of atropine {10-30 mg), for example, or repeated 
administration* the EEG shows an increase In slow waves, a decrease 
in mean frequency, a decrease in the percent time and amplitude of 
alpha activity, and an increase in the fast frequencies, which can 
be seen to be f riding 1 on the alow waves. There ia a direct 
association between the EEG fast waves with behavioral restlessness 
and the EEC slow waves with stupor and cognitive defects. At 

% i-— — - *— f www, r «.*%->« HH •»*<** ~. U warwyv* wa. h_ i^iuo } -r *, Vr ••+ lt.bg, 11 UCCli L 

rate and lowered blood pressure* The EEG demons tra tea persistent 
high-voltage slow waves, with a minimum of alpha and fast 
frequencies* 

EEG and behavioral effects were modified in a parallel manner 
by the concurrent administration of antagonistic drugs. For 
instance, when patients who exhibited a toxic delirium to Ditran or 
atropine were given tetrahydroamiuoacridine, a choline st erase 
inhibitor, the stupor was relieved and the EEC showed a decrease in 
both slow and fast frequencies* 

During acute administration of various compounds, the time for 
recovery varied with dose with low doses, the peak effects of 
parenteral administration were seen in 0*5 h and lasted up to 6 hj 
with high doses, the effects persisted for up to 24 h. With toxic 
doses, a return to baseline occurred in the second day after 
administration* Followup EEG data are limited, the principal data 
being reports of atropine toxicity. In these studies, the few 
statements referring to EEG changes suggest that the effects 
disappear within a few days of the last exposure. 

For the teat compounds used at Edgewood, EEG data are available 
vuxy t0 f S£ t £a 5550, and EA 3534 on five, two, and one patients , 
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respectively* Ihe pretreetment and posttreatment EEC records 

Appeared to be within normal limits and reflected effects observed 
for other CHS-aetive anticholinergic drugs* Neuropsychologic 
effects of the exposures to the agents were transient, mod test 
values reverted to baseline* The EEC changes and neuropsychologic 
effects were temporally related, end a similar reversion to normal 
EEG patterns was anticipated. Ho evidence of persistence of 

behavioral or EEG effects after these experimental trials was 
reported by Klapper et al. (32). 






1Z Case Reports 






Data on the 36 subject* whose records were selected for 
evaluation from the records of 354 subjects tre«.t*d with BZ lad lest* 
that BZ la active when it is given by the intravenous, 
intramuscular, aerosol inhalation, or oral route. The fragmentary 
data available Indicate that the higher the dose the greater the 
effects and the longer their duration. Understanding of the 
tlaecourae of effects was confounded by erratic written 
documentation, which at best was rather sparse, and by the 
introduction, at various times after exposure to the drug, of 
treatment with cholinomimetics, such as physostigmlne and 

tetrahydroamlnoacridine* Both these treatments ameliorated , at 
least temporarily end partially, some of the effects of BZ. 



1 



Intravenous Injection . BZ doses of 4.8 and 8 jig/kg were used 
in four subjects- The time course was approximately as follows; 






Dry mouth, flushed face, numbness in extremities, 



clonus and 



o 1 h: 
and sleepiness* 

4 bs Above, plus twitching, yawning , 
abnormal reflexes, and ataxia. 

o 24 hi Above, plus disorientation, hallucinations, and 
poor performance on psychometric teste* 

Hallucinations persisting without treatment. 
Diminished nonverbal and suitor skills. 



o 

o 



36 h 
48 h: 



' 



Single Intramusc ular Doses . BZ doses of 5.0-6.4 ,ug/kg were 

These subjects were treated at various times 

The time course of action of 



used in 15 subjects. 

with the antidotes mentioned above 

the drug by this route was similar to that by Intravenous injection; 

in fact, more symptoms were reported with this route, but this may 

have been due to differences in the completeness of reporting- The 

time course was approximately ae follows: 



o 10 min: Lightheadedness and giggling. 

o 30 mlns Dry mouth, blurred vision, nausea, chilly 

sensations, and twitching. 

o 1 hs Flushed skin, Incoordination, fatigue, 
unsteadiness j sleepiness, and quivering lege. 

o 2 h; Many of the above, plus poor concentration, 
restlessness, hallucinations, slurred speech, and muscle 
fasciculationa* 

o 3 b; Above, plus tremors. 

o 4 h: Above, plus difficulty in handling subject and 

belligerence; pulse, 136. 
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o 8 h: Above, plus delirium and hallucinationa. 

o 24 bs Persistent delirium, hallucinations, restlessness, 
unsteadinese, and increased pulse in some but not all subjects. 
o 48 hi Persistent impairment cif function in some and 

return Co apparent normal state In other n, decoding on vigor of 
antidotal treatment* 

Repeated Int radicular Injection Six Tinea Oyer Same 
Number of Days. This program was used in four subjects- Reporting 
was extremely fragmentary, but perhaps not much happened, inasmuch 

aa the doses uaed were quite ■mall— 0-5 jig /kg. A maculopapular raah 

that cleared when treatment was • topped vaa noted twice, and 
dysphagia waa noted In another subject. No mydriasis waa seen. No 

tolerance could lie demonstrated, probably because the dose was below 

threshold* No cumulative effect was noted. 



Aerosol. Doses used ranged from 5.3 to 17.1 




in eight 



subjects* Understanding of the clinical manifestations was 
confounded by the use of antidotes at various times after exposure 
to the drug. The time course was as follows: 



o 30 mini Restlessnesa, sleepiness t nausea, dry mouth p 
and coldness of extremities. 

Above, plus dizziness. 
Above, plus flushed skin. 

Above . plus unsteadiness and disorientation. 
Above v plus hallucinations. 
Residual confusion, disorientation! hallucinations , 
and delirium in some, but not slip subjects. 

o 48 hs Residual mental Impairment, jumplness, and shakes 
in some and Improvement in others, depending on amount of antidote 
usad. 



weakness, 


and co 





1 hs 


o 


2 hs 





4 h. 


o 


8 hi 


o 


24 h: 



In one subject, fever and spaa tic movements of the head were 
noted; he was treated vigorously with antidotes. At 3 h t he became 
unresponsive, showed decerebrate rigidity, had a high heart rate, 
and bad urinary retention; he was treated vigorously with 

antidotes. Five years later (1968), he waa hospitalized for 
microscopic hematuria and was shown by renal biopsy to have focal 
glomerulitie* 

Oral* Doses ranged from 4.5 to 5 jig/kg *&d were given to five 
subjects* The major focus seemed to be on following heart rates and 
the EEC* Clinical manifestations noted with the other routes of 
administration probably also occurred here. Some heart rates became 
fairly high (130/min). One subject had an EEC tracing that shoved 
episodes of light sleep with spindling. 

Summary * la spite of the sketchy records, BZ appears to be an 

anticholinergic hallucinogen quite comparable with JB-329 (Dltran) 
or others of the JB series or with scopolamine. The onset of 
effects is usually rapid, regardless of the route of administration, 
and the duration is often a function of the dose. Although 
pharmacokinetic data on these compounds in man are unavailable, 
there is some evidence of a dose-response relationship. Without 
treatment to counter the effects of these strong central 
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lenti cholinergic agents! some effecte msy persist for several days. 
For instance p one subject who had received BZ displayed 
hyperthermia p tachycardia, >nd spastic movements for a few hours, 
and required vigorous treatment. Be was .discharged 6 d after 
exposure, veil oriented and with normal appearance* Mo further 

information is available on him; the Veteren's Administration did 
not find hie military records. Another subject developed eigne of 

decerebrate rigidity with limb twitching*; Two separate medical 
opinions were recorded; toxic encephalopathy and BZ delirium. The 
subject wee discharged 6 d after exposure* EEC tracing 20 d after 
exposure was normal* His VA hospital record provided no useful 
information. 



BA 3834 



EA 3834 ±» somewhat distinctive from the other tent compound*. 
The intravenous ID50 is approximately 5.7 jig/kg base equivalent, 
shout the same 11 that for BZ. Although . % he time of onset of severe 
effects of EA 3834 is inversely related to dose (about 35 min for 

the ID50 and about 10 min for 3 times the ID50)* the duration of 
severe effects Is roughly constant within this dose range, namely 
6-9 h. The constancy of recovery time from EA 3834 , which is rather 

unusual for these drugs, reduces the period of medical care required 
for higher-dose casualties. In contrast, doubling the ID50 
prolongs BZ incapacitation about 40 h« es it does for EA 3443 and EA 

3580. 

Phyaostlgmine has proved effective at an antidote to EA 3834 , 
as it has with many other glycolates* Within 20 min of a single 
intramuscular injection of 1 mg of physostigmlne salicylate per 18 g 

of body weight, the stuporous subject becomes elert end able to 
perform at close to his normal level* 

Possible renal toxicity has been reported In two men after the 
use of this compound. One volunteer who had received the agent 
intravenously bed red blood cells in his urine shortly after the 
completion of his test. Extensive workup felled to uncover any 
definite kidney disease or lesion to account for the bleeding t which 
persisted intermittently for e year efter exposure. Such a 
phenomenon had not been noted in any previous glycolete study* It 
may be related to a pre-existing ebnonelity that did not show up in 
routine screening* No additional information is available on the 
second patient* Animal studies had suggested that such bleeding 
could indeed result f rom EA 3834, from BZ, end even from atropine. 
On careful review of the experiment, it was concluded that the 
bleeding could be ascribed to techniques used end animal selection. 
In nan, the effect of atropine on renal function was investigated, 
and no sbnoraa litis s were observed* Testing of EA 3834 was 
cautiously resumed in human subjects, and renal function was 
nonitored vith frequent pretest end posttest urine examinations. In 
a total of 69 subjects, including those who psrtlclpated in field 
test i, no additional cases of bleeding were encountered v even though 
the subjects received up to 3 times the dose administered to 
subjects with hematuria. A decrease in glomerular filtration was 
observed in some subjects, but this also occurred in a control 
population. Nevertheless, continued vigilance concerning possible 
renal effects seems warranted. 
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Overall Evaluation of Immediate Adverse Effect! 



- 



In general, la all the testing programs there were few violent 
responses or injuries, largely because of surveillance and safety 
precaution* taken at Edge wood* The only other laboratory 
abnormalities encountered in the Edgewood records Involved an 
increase in liver enzyme values of two volunteers within about 2 vk 

of exposure Co CAJL 302,368* These abnormalities reversed after a 
few weeks, and it vaa unclear whether the changes resulted f roe the 
drug administration. Several cases of pyuria after exposure to EA 

3580, or related drugs, and running of an obstacle course, were 
reported, but the drug etiology la unclear. 

LONG-THM AND DELATED EFFECTS 



Delayed effects of the acute cholinergic drugs were extremely 
rare- One pereon reported by dapper at al« (32) experienced 
"flashbacks'' while still at Edgewood Arsenal. Edgewood records 
showed that he received EA 3B34 intravenously. Hedic&l records on 
this subject obtained from the VA were voluminous, but did not 
disclose any significant findings* Six-month followup studies 
performed by Hart and Baiter (33) on related glycolates failed to 
demonstrate significant cognitive change- a. Volunteers in a 
prospective psychometric etudy who had received EA 3167 showed no 
evidence of residual drug effects* 

Two nonvalunteera—ona military (s chemist) and one civilian (a 
pharmacologist )— were accidentally exposed to unknown doaea of EA 
3167, the moat persistent of the glycols t«» studied. In each case, 
subjective and objective observations of performance over a period 
of 6*12 mo indicated that mild, but nontrlvlal, impairment of 
cognitive function could be discerned for approximately 6 mo, after 
which seemingly full recovery ensued* These patients were of 
superior intellect and had occupations that required optimal 
cognitive function for the* to be successful. It is possible that 

in less demanding assignments they might not have been aware of 
residual deficits* Similar peralstent decrements were not reported 
by MZ volunteers. 

An additional ancadotal report (L. G. Abood, personal 
communication, 1982} concerns en evaluation of the psychologic state 
and well-being of three subjects who had been exposed to BZ during 
the praceediug 10 yr. Subject A had en oral dose of approximately 5 
mg during the summer of 1969; subject B, en oral dose of 
approximately 10 mg in June 1972; and subject C, an oral dose of 
5-10 mg in October 1976. All three were graduate students who had 
surreptitiously undertaken eelf-experimentation and who had bean 
engaged in laboratory experiments with the drug. All experienced 
hallucinations! delirium, confusion, amnesia p and the full space rum 
of psychologic, neurologic | end autonomic responses associated with 
the drug* Within 2-4 h after ingestion, all three were hospitalised 

in the psychiatric ward at the University of Rochester, Strong 
Memorial Hospital and retained for various periods (3-6 d)« 
Regarding the possible long-range effects of the drug 
experience, all three aubjecta ware having difficulties both 
adjueting to graduate education and in their personal Uvea 
Immediately before taking 1Z« Subjects A and C had entertained the 
poeeibillty of either dropping out or transferring to another 
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university, largely because of inadequate academic performance* 
Within a few months after the drug experience, all three 
demonstrated definite improvement in both academic perfornance and 
psychologic well-being* They all appeared to be more out-going, 

communicative, and enthualaatic about graduate school* This 
assessment was ahared by a number of faculty members and fellow 
students* They all eventually received Ph.D. degrees with 
distinction- They are now pursuing an active, productive research 
and postgraduate education* They all appear well-adjusted and 
well-motivated and seem to be leading productive f self -fulfilling 
careers. Hone of the subjects has experienced any adverse sequelae 
that might be attributable to the drug experience. 

In the absence of additional reports of long-range consequence b 
In subjects who had received the anticholinergic test compounds p 
data have been sought on delayed adverse reactions to other 
anticholinergic drugs used therapeutically, auch as Ditran and 
atropine* 

Since the Introduction in 1958 of Ditran for the treatment of 
depressed patients (34), the number of persons receiving the drug 

for depression and other psychiatric disorders has exceeded 2,000 
(34-37). During 1957-1963, Ditran was used in at least 200 people p 
many of whom were private patients. The treatment involved the 
intramuscular administration of 10-30 mg of Ditran to a depressed 
patient— a dose that generally produces the full spectrum of 
behavioral and neurologic effects attributable to the centrally 
active anticholinergics* The patient's psychiatric condition v*s 
closely observed and evaluated for the next few months* The 
progress of some of the private patients was followed for years 
after treatment, In some cases for 5 yr or more* In no Instance was 
there any complaint of sequelae or delayed psychopathologic 
symptoms* The drug ameliorated depression for a period of a few 

months In a number of patients* 

Hundreds of patients have received huge doses of atropine and 
scopolamine (up to 250 mg), eoaetimee given three times a week for 

up to 4 mo, and this fprm of therapy continues in Eastern Europe 
today. A chronic behavioral syndrome of toxicity appears unlikely, 
and single or even multiple exposures to the anticholinergic drugs 

used in the volunteers, frequently at low doses, are deemed 
insufficient to stimulate a persistent toxic syndrome. Of course » 
individual susceptibility to acute affects, which may trigger a 
long-term effect, cannot be excluded. 

The question of occasional long-lasting or late-appearing 
residual effects is not easily answered* There is very little 
evidence that these might occur in man, in that so many persons have 
been exposed to these agents* The new case of glomeruli tis several 
years after exposure In ail likelihood was coincidental. Animal 

studies have been equivocal, but they have suggested the possibility 
of acute effects on the kidney and liver in some instances* 

"Flashbacks" are difficult to explain, but they may result from 
a heightened sensory awareness after exposure to a drug* They have 
been of little clinical consequence, even though reported to be 
associated with a number of mind-alt a ring drugs, including marijuana 

It should be emphasized that careful acreenlng of volunteers 
for testing with the anticholinergic agents was probably essential, 
to avoid psychiatric complications after the hallucinatory episode* 
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If a aubject has latent paychopathologyp the drug experience may 

precipitate the latent tendencies and create problem* later. In one 
such i net a nee.! a aubject receiving Bit ran at a university cued leal 
school required psychotherapy for 2 bo after the drug episode. 
Psychiatric interviews *nd psychologic teats before the drug session 
Indicated that thia aubject had borderline paranoid and homosexual 
tendencies; otherwise » he appeared normal* The aubject was amnesic 
during the manifestation of these symptom*; but the complications 
ensued after other divinity; students in his dormitory reminded hies 
of hie aberrant behavior under the influence of Ditran. the severe 
embarrassment resulting from this confrontation may have 
precipitated the anxiety and lose of self-confidence that required 
psychotherapy. 

In summery, one cannot he certain that long-term adverse 
effects never follow exposure to anticholinergic agents, but it 
seems moat unlikely. 

MORTALITY 

The death* of 222 among some 6,620 soldiers have been 
analyzed* Table 2-4 ahowa the standardized mortality ratio* (SMRs) 
comparing the observed number* of deaths and the numbers expected 

for the U>Si population categorized by age and calendar year. Moat 
of the.SHR* for the various teat group* are somewhat less than 
unity i although many of the group a are relatively small. The values 

for BZ P scopolamine, atropine, and "anticholinergic only** are 0*87, 
2*50, 1.76' f and 1,06, respectively* It is interesting that atropine 
and scopolamine, drugs with a long history of therapeutic use* had 
SMRa exceeding unity, whereas the four candidate chemical warfare 
agents (BZ, EA 3834, EA 3443, and EA 3560) had SMRa less than 
unity* This suggests that exposure to the test anticholinergic 
chemicals may mot be related to a subsequent increase in mortality. 
For anticholinergic with or without other drugs, an SMR of 0.73 is 
Statistically significant and probably represents a selection 
artifact, inasmuch a* volunteer* for these studies were especially 
screened for good health and thus would be expected to have lower 
than average mortality* 

The mortality data do not reveal a cause for concern that 
significant number a of the men exposed to the anticholinergics 
suf fared an untimely death. Because the participanta were all 
especially selected for these studies on the basis of their health 
records, there were relatively few deaths in all groups. It is 
Impossible to dat ermine how much lea a than 1*0 the SMR values should 
have been* Comparison of the values of the various group* would not 
be expected to reveal treatment effect* unleaa these were sizable, 
which was not the case. However, a small drug effect might be 
masked by this type of data analysis. For the same reasons, further 
subdivision of the deaths by cause does not provide useful data* 
Mortality is discussed *±n greater detail In Chapter 4* 

SUMMARY 



1 



The Panel has examined the assembled data on the possibility of 
long-term adverse (affects associated with the testing of various 
anticholinergic^ compounds In human volunteers at Edgewood Arsenal* 
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Although Chen are extensive descriptions of Che acute CNS effect a 
of the compounds, there is a paucity of Information on delayed 

adverse effects* Animal experiments have not demo as t rated 
significant long-term effects* and chronic administration of other 
anticholinergic drugs, such as atropine and scopolamine, which have 
been used therapeutically in man in high doses for years, has not 
been associated with chronic adverse effects. Indeed, there are 
anecdotal reports of improvement in behavioral patterns after such 
treatment. Because the CNS effect! of the anticholinergic test 
compounds appear to be qualitively similar to those of atropine or 
scopolamine (although they may differ quantitatively in potency and 
duration of CNS effects), no additional long-term toxicity is 
anticipated* The apparent lack of an effect on mortality of the 
test subjects also suggests that such an effect is unlikely. 
Morbidity data are required to determine whether the subjects have 
had more health problems than those anticipated in a corresponding 
control group. This information is not yet available. 

In a few persons , some relatively short -term ttdverae effects 
were reported after conclusion of the chemical testing (hematuria, 
hepatitis t and hallucinogenic flashbacks)* It is unclear whether 
these effects resulted from the drug administration or occurred 
randomly and colncidentally. The extremely low incidence of such 
reports makes it doubtful tMt the anticholinergic test substances 
played a role in inducing these effects* However , the data are not 
sufficient to answer this question with certainty. 






i 



CONCLUSIONS 



u 



I 



No firm evidence has been seen that any of the anticholinergic 
test compounds surveyed produced long-range adverse human health 
effects in the doses used at Edgevood Arsenal* More intensive study 
is required to confirm this conclusion* The high frequency of 
uncontrolled variables makes evaluation of behavioral effects 
difficult. 

On the basis of available data, in the judgment of the panel p 
It is unlikely that administration of these anticholinergic 
compounds will have long-term toxicity effects or delayed 

sequellae* An ongoing morbidity study should provide more 
definitive information once it is completed* 
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Table 2 



Sundry of Expo.ur« to Anj*cnolin«,t,. wd ^ OT „ ^^ fn 

of Acuta Eff.ct. of Anticholinergic Chaa.ie.1.* 

Tox Ho * Agent code .«. „„,....* _ . 

Tot.l ex PqJ nre»b ^_rtcoxds selected 



"' ■ 1 




358 
10 ~ 



Bl BZ (EA 2277) c 2 o» 

B2 EA 3443= JJf 

B3 EA 3580* So 

B4 Scopolamine 534 Hf 

*» Atropine 44/ 

B6 EA 3167= 2 f 

B7 Ditran 9 



B8 

B9 27349 



36 

25 
27 
42 
34 

EA 4929 (b«iMti»ide) 18 \\ *2 



BIO 226,086 ff 

Bll 302.196 „ 

B12 301,060 „ 

B13 302,282 *1 

B14 302,368 J 

B15 302,537 .J 

B16 302,668 jj 

B18 Benacti.ine lfi 

B21 M-ScopoUmine jl *•* 9 

B22 M-Atro (.tropin, .ethyl l14 21 

B23 EA3634 ^"^ » *° 10 

*25 TAB, BAT "J* *» 33 

24 6 



16 

50 
21 

56 

29 

8 

5 
18 

39 



10 

10 
8 

15 
9 
8 
5 
8 

11 



' 



All anticholinergic. ! 752 b 



2,614 343 



• 






^3167, WJSftWSStftg- „. 

candidate. ^' '° g ' >"*•»*» E * 34*3. .km penetrant; BZ. chemical-agent 
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Table 3 

Human Pharmacologic Characteristics of 14 Glycolic Acid Esters 

(Baaed on Edgewood Arsenal Studies, 1960-1971) 



JK ■ 


Sources* 

f B f - 2 — 


No. 


log/kg) 


Duration. 


Relative 


Po tency e 


Compound 


of information 


subject! 


h 


"Peripheral 


Lentrfft 


226,086 


EA report 


21 


(1.5) 


(2.0) 


(18-36) 


(2-4) 


(10.0) 


EA 3443 


EATR 


4066 


101 


1-2 


3.4 


48-72 


2.3 


6.2 


EA 3580 


231, 


265, 269 


136 


1.4 


3.9 


L6-24 


2.6 


6.0 


EA 3167 


248 




24 


2.8 


4.1 


(96-240) 


(2-4) 


(5.6) 


BZ 


228, 


App K 


354 


2.3 


5.2 


48-72 


5.4 


4.0 


EA 3834 


25, : 


254, 255 


171 


2.0 


5,7 


10-15 


1.0 


3.7 


27349 


EATH 


114-2 


50 


3.0 


6.0 


10-15 


(2.0) 


3.4 


301,060 


250 




29 


3.0 


(6,0) 


i (12-20) 


(4.0) 


(3.4) 


302,668 


259 




39 


(4.0) 


8.9 


10-15 


0.9 


2.4 


302.282 


273 




20 


4.4 


12,5 


6-10 


(2.0) 


1.7 


Scop 


166 




637 


9.4 


20.2 


5-10 


0.8 


1.0 


302,196 


261 




56 


(12.0) 


28.9 


4-6 


0.7 


0.7 


Ditran 


166 




22 


54.0 


100.0 


4-8 


0.2 


0.2 


HeScopolam. 


166 


% 


66 


5.0 


(400) 


5-10 


3.6 


0.5 


Atropine 


166 




602 


63.6 


152.4 


8-12 


1.0 


0.1 


an^ir. ^^ 




' 


- m ■ 


I *- 











Re f era to reference number* in Appendix I except EA number*. 
b Do*e required to produce 25X decrement in Number Facility (NF) in 501 of volunteer 

population (when administered intravenously or intramuscularly). 
jjDose required to produce 901 decrement in NF scores in 501 of volunteers. 
Average time in hours from administration intravenous or intramuscular to near 

recovery (consistently ibove 75* of busline on NF) in subjects receiving ID 50 
^Peripheral potency is in comparison to atropine (baa.sd on EDjq to produce maximal 

heart rate of at least 100 beats/min*)* Central potency is in comparison with 

scopolamine (based on ID5Q}. 
Numbers in parentheses are approximations based on limited information. 
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